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© Display devica 

© A display device which suppresses the rise in temperature while making ^« °!^^ 
i^itom?. iid features high dispiay quality and reliability. The display device emptoys ^^9^^;^^ P^^^J 
SSdei with a heat conduction plate (11) of a large heal conductiv^f on the 

^ided between the heal conduction plate (1 1) and a holding member (12) on the lower surface that holds the 
heat conduction plats, fluoresoent tubes and the fight-guide plate. 
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BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to the structure of a liquid-crystal display device using a light^uide plate. 

2. Description of the Related Art . ' 

A display device has heretofore been known in which liquid-crystal display elements are arranged in the 
form of a matrix to constitute a planar display means, a fight-guide plate that serves as a back light is 
disposed on the back surface of the display means, light is introduced into the light-guide plate Irom side 
sur^ thereof from a suitable light source such as a fluorescent tube, and light is emitted from the plane 
of the light-guide plate to illuminate the liquid crystals from the back thereof. 

Rgs. 2(A) and 2(B) illustrate structure of a conventional display device employing a light-guide plate 
fs wherein Rg. 2(a) is a bottom view and Rg. 2(b) is an AA' sectional view of Rg. 2(a). The prior display 
device will now be descrit^d with reference to Rgs. 2(a) and 2(b). A light-guide plate reflection sheet 21 is 
fastened by an adhesive tape or by melt-adhesion to the back surface of a itght^utde plate 14 made of a 
transparent resin, and fluorescent tubes 13 are disposed at both ends of the light-guide plate 14 A 
fluorescent tube reflection sheet 22 is fastened to the light-guide plate 14 and to the light-guide plate 
20 reflection sheet 21 by using an adhesive tape 23 in a manner to wrap around the fluorescent tube 13. A 
liquid crystal display element 19 is disposed on the surface of the light-guide plate 14. and is held via a 
spacer 25 by a holding member 12 on the lower surface side and a holding member 20 on the upper 
surface side which are fastened together by screws 24. Both ends of the fluorescent tubes 13 are 
connected to a starting circuit 17 through lead wires 18. and the display element is connected to a disolay 
25 circuit 16 through a connection member 15. 

The holding member 20 of the upper surface side is pmvided with a window 8 that covers the disDtav 
area 0 of the display means 19. ^ 
The holding member 12 on the lower surface side may have a stnicture of covering the whole back 
surface of the display device. In an example shown in Rg. 2. however, the holding member 12 of the lower 
30 surface side is provided with a large window 1 2a to decrease the total weight of the display device. 

The starting circuit 17 drives the fluorescent lubes 13 to emit light which is then guided to the light- 
guide plate 14 by the fluorescent tube reflection sheets 22. diffused Into light of equal intensity by the light- 
guide plate reflection sheet 21. and is emitted onto the surface of the light-guide plate 14. The light 
uniformly emitted from the light-^uide plate 14 makes it possible to recognize the content displayed by the 
95 display means 19 that is driven by the display circuit 16. 

Rg. 3 is a back view of another conventional display device. In the case of this display device the 
holding member 12 of the lower surface side has the structure of a daat to reinforce the display device' and 
has a plurality of small windows 12a to reduce the weight. 

In recent years, advanced technology in fluorescent tube 13 and turn-on circuit 17 made it possible to 
40 emit light in amounts larger than evef before. Therefore, the temperature is higher than ever before at both 
ends of the fluorescent tube 13; i.e., the temperature being higher at portions dose to the fluorescent tube 
13 in the light-^iide plate 14 and being tower at portions remote from the fluorescent tube 13. That is the 
temperature vartence in the light-guide plate 14 becomes greater than ever before. 

The display elements I9a of the display means 19 may be greatly affected by the temperature, and the 
45 temperature variance in the light-^ide plate 14 may cause a variance in the display element 19a and 
seriously impair the display quality of the display device. 

That is, in the above-mentioned conventional planar display device, the light-guide means Is usually 
made up of an acrylic resin material wWch has a tow heat conductivity. 

As shown in Rg. 2(A). 2(B) or 3. therefore, the fluorescent tubes which are light-emitting means produce 
so a high temperature at both sides of the light-gukte plate 14 that is the light-guide means. Therefore, the 
Kght^uide means 14 is heated only at portions close to the lightening means, and the central portion of 
the light-guide means 1 4 remains at a low temperature. 

That is. temperature distribution takes place in the Bght^uide plate M which is the light-guide means 
Here, in general, the liquid crystal which constitutes the display means exhibits an operating speed for 
ss transmitting light or interrupting light that generally varies depending upon the terhperature. i.e . ON/OFF 


Rg. 4 is a graph in which the relationship between the voltage (V volt) of the liquid crystal display 
elemem and the tight transmittance factor (T%) is ptotted with the temperature as a parameter, and wherein 
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a solid line represents a change m the case of a low temperature L*C, a dot-dash chain line represents a 
change in the case of an intermediate temperature M . and a dotted line represents a change in the case of 
a high temperature H *C. ft will t>e understood from this graph that the light transmittance factor (T%) of the 
liquid crystal display element greatly varies depending upon the voltage. If a voltage at which a predeter- 
5 mined light transmittartce factor (T%) of the (iqutd crystal is exceeded, is specified tote b threshold voltage 
Vth. it will be understood that the threshold voltage Vth undergoes a great change depending upon the 
temperature. 

In the conventional display device, when a temperature distribution takes place in the tight-guide means 
14, e.g.; when the temperature becomes high at a portion close to the light-emitting means 13 and low at 

10 the central portion as descrit)ed above, a portion of the the display means 19 close to the light-emitting 
means i3 becomes dark and the central portion becomes white or vice versa. That is. spots develop on the 
display screen of the display device to greatly degrade the quality of the display screen. Depending upon 
the size and thickness of the fight-guide plate 14. however, the temperature difference between the ends 
and the central portion may increase to such a degree that cannot be neglected, since the ends of the fight- 

IS gukJe plate 14 receive the heat emitted from the fluorescent tubes 13. 

In order to solve the above-mentioned problem, Japanese Unexamined Utility Model Publication 
(Kokai) No. 4-98030 discloses a stnjcture in which the back surface of a light-guide plate 14 and a 
fluorescent tube 13 are surrounded by a hokfing member 12 made of a metal. 

Rg. 5 is a sectional view of a display device disclosed in Japanese Unexamined Utility Model 

20 Publication (Kokai) No. 4-99030. Two fluorescent tubes 13 are fastened by an adhesive tape 23 to the light- 
guide plate 14 and are wrapped by a reflection sheet 26 made up of a fluorescent tube reflection sheet 22 
and a light-guide plate reflection sheet 2i as a unitary structure, and the hokjing member 12 on the lower 
surface side holding the tight-gukJe plate 14 and the fluorescent tubes 13 is intimately adhered to the 
reflection sheet 26 on the back surface of the light-gude plate 14 without being provMed with windows B for 

25 reducing the weight 

With this constitution, the heat of the fluorescent tubes 13 is nearly uniformly conducted by the hoMing 
member 1 2 on the lower surface side to heat the whole light-guide plate 14 enabling the temperature 
variance to be decreased in the tight-guide plate 14. 

In the display device disclosed in Japanese Unexamined Utility Model Publication (Kokai) No. 4-98030. 

30 however, though the temperature variance decreases in the Ught-gukJe plate 14. the large amount of heat 
generated by the fluorescent tubes 13 is directly conducted to the light-guide plate 1 4 via the hokJing 
member 12 on the k>wer surface side. Therefore, the temperature of the whole light-guide plate 14 rises 
and. hence, the temperature of the display element 19 rises, too. Depending upon the environment in which 
it is used, therefore, the temperature of the display element 19 often exceeds the upper-limit temperature 

OS and the display device is rw tonger usable. Moreover, the ertds of the light-guide plate 14 receive the heat 
emitted from the fluorescent tut)es 13. Depending upon the size and thickness of the light-gukto plate 14. 
therefore, the temperature difference between the end portkm and the central portkm often becomes so 
great that it cannot be neglected. 

According to tfw at>ove-menik)ned prior art though the. temperature distribution does not take place in 

40 the light-guide means 14. the hokfing means 12. which is a heat conduction means, directly conducts the 
heat generated by the light-emitting means 13 to the light-guide means 14. so that the temperature rises in 
the light-gukto means 14. 

As will be understood from Ftg. 4 which is a graph of light transmission factor of the display element of 
liquid crystal, the rise of the curve becomes less steep as the temperature rises. i.e.. the at)ove-mentioned 
45 curve at a predetermined voitage becomes fiat. This means that the contrast becomes poor on e practical 
display screen. 

The oc cu iien c e of such a condition causes the quality of the display screen to be markedly 
deteriorated. 

so SUMMARY OF THE INVENTION 

A first Object of the present invention ttierefore is to suppress the rise'of temperature while making the 
temperature distribution in the display device unifbrni. A second object of the present invention is to pnMide 
a display device having high display quality and refiability by making the temperature distribution of the 
55 display device rrtore uniform. 

In order to . accomplish the above-mentk)ned objects, the present invention basically emptoys the 
technical constitution that is described below. That is, the display device comprises a planar display means 
constituted by liquk^crystal display elements, a light-gukfe means opposed to said display means, a light- 
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emitting means provided at least at an end portion of said light-guide means, a reflection means covering 
said ligM-eirOtting means, and a holding means that holds said means as a unitary structure, wherein 
provision is made of a heat conduction means constituted by a member having a large heat conductwity 
opposed to the surface of said light-guide means of the side opposite to the surface which is opposed to 
said planar display means* and a mechanism between said heat conduction means and sa^ holding means, 
said mechanism limiting the conduction of heat between said heat conduction means and said hotdlno 
means. 

According to the stnicture of the display device of the present invention, the heat conduction plate 
posed on the back surface of the (ight-gulde plate Is made of a member having a high heat conductivity 
w enabling the temperature distribution to be nearly uniform. Therefore, temperature variance decreases in the . 
light-guide plate and In the display means. Moreover, since a gap is provided between the holding member 
that conducts the heat of the fluorescent tube and the heat conduction plate, the temperature of the heat 
conduction plate rises only a little and the temperature can be reduced in the ligm«guide plate and in the 
display means. Accordingly, even when a display means susceptible to temperature is used, the display 
rs quality of the display device is not impaired, and the device can be used at a high temperature. 

BRIEF DESCRIPTION OF THE OFVV WINGS 

Ftgs. 1(A) and 1(B) are diagrams illustrating the constitution of a display device according to an 
20 embodiment of the present invention, wherein Rg. 1(A) is a back view illustrating the embodiment of the 
invention and Fig. 1(8) is a sectional view thereof: 

Figs. 2(A) and 2(6) are diagrams illustrating the constitution of a conventtonal display devk». wherein 
Fig. 2(A) is a back view of the conventionat display device and Fig. 2(B) is a sectional view thereof: 
Fig. 3 is a back view illustrating die constitution of another conventional display device; 
» Fig. 4 is a graph showing light transmission characteristics of a liquid^rystal display element that is used 
in the display device; 

Rg. 5 is a sectional view illustrating the constitution of a further conventional display device; 
Rg. 6 is a diagram illustrating the constitution of a mechanism that limits the conduction of heat 
: employed by the display device of the present invention and an arrangement thereof; 
30 Rg. 7 is a back view illustrating the constitution of the display device according to another embodiment 
of the present Invention: 

Fig. a is a back view iHustrating the constitution of the display device according to a further embodiment 
of the present invention; 

Rg. 9 is a back view Illustrating the constitution of ttie display davk» according to a stilt further 
39 embodiment of the present invention: and 

Rg. 10 is a back view illustrating the constitution of ttie display device according to anottter embodiment 
of ttie present invention. 


DETAJLED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

40 

Embodiments of ttie display device according to ttie present invention will now be described in detail 
wftti reference to ttie drawings. 

Figs. 1(A) and 1(B) are diagrams illustrating a display device having a basic constitution according to an 
embodiment of the present invention, wherein Rg. . i(A) is a back view ttiereof and Fig. 1(B) is a sectional 
4$ view thereof. 

Refem'ng to Rg. 1(A) and Rg. 1(B), a display device 1 comprises a planar display means 19 constituted 
by a plurality of GqukS-crystaJ display elements 19a. a light-guida means . 14 opposed to saM display means 
19, a light-emitting means 13 provkfed at least at an end portion of said tight-guide means 14. a reflection 
means 22 covering said light-emitting means 13, and a holding means 12 ttiat hoUs said means 19, 14 and 

so 13 as a unitajy structure, wherein provision is made of a heat conduction means 11 constituted by a 
member having a large heat conductivity opposed to ttie surface 9 of said right«9uide means 14 of ttie skje 
opposite to ttie surface 10 which is opposed to said planar display means 19, and a mechanism 30 between 
said heat conduction means 11 and said holding means 12. said mechanism 30 limiting ttie conduction of 
heat between said heat conduction means 1 1 and saM hohfing means 12. 

55 In Fig. 1(A) and Rg. 1(6). reference numeral 8 denotes a display opening formed in ttie hokting means 
12. and 21 denotes a Sght-gukle plate reflection sheet ttiat is intimately adhered to ttie light-gwde mearis 
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The light-QuWe means 14 and two BQht-emittinQ means 13 are secured by a fluorescent tube reflection 
sheet 22 which is a reflection moans. ^.^^^ . 

According to the basic technical idea of the present imrention. the temperature distnbutwn is unilonn 
over the light-oulde means u and. at me same time, the temperature of the Bght-guide means 14 is 
maintained at a value which is best suHed for the threshold value (Vth) of the Uqui*crystal display elements 
198 which constitute the display means 19. For this purpose, the heat conduction means 11 having a 
predetermined area is provided on the light-guide means 14. The heat conduction means 11 suppress^ 
the degree by which the heat energy pfOdoced by the yghl-emitting means 13 provided at least at an end 
portion of the light-guide means 14 is conducted directly to the heal conduction means 11. so that an 
increased amount of energy is conducted to the heat conduction means 11 through a side path formed 
along a side edge of the heat conduction means 1 1 as a detoured heat path in a detouring manner. Balance 
is maintained between a temperature at the central portion of the light-guide means 14 and a temperature at 
a portion of the light-guide means 14 dose to the light-emitting means, in order to make the temperature 
distribution in the light-guide means 1 4 uniform. «i » 

According to the presem im^ntion as shown in Rg. 6. therefore, a feature resHles in «» pwi»«> o« a 
mechanism 30 between the heat conduction means 11 and the holding means i2 as described 
order to limit the conduction of heat between the heat conduction means 1 1 and the holding means 12. As 
described above, furthermore, the mechanism 30 so works that the energy E2 flows in a larger amount into 
ihe heat conduction means 11 via a portion f« of the light-guide means 14 in a direction at ngh angles 
with the Hght-emiMng means 13 than the em^gy 61 that flows into me heat 

portion R1 of the Rght-guide means 14 which is close to the bght-emitlmg means 13 and e «i parallel wHh 

the light-emitting means 13. ^ ^ 

•n»erefore. when the mechanisms 30 are provided between the heat conduction mearo 11 and the 
hokJing means 12 to limit the conductton of heat or concretely speaWng. when ^ f^^^T^J" 
provided in a portion Ri close to the light-emitting means 13 and in a direction m parallel wrth the «gm- 
emittina means 13 and in a portion R2 in a direction at right angles with the light-emiiting "wans 13 
between the heal conduction means 11 and the holding means 12. H is desired mat me 
provided in the portion RI dose to me light-emitting means i3 and in me directon m parallel wrth me OgW- 

emitting means 13 has the ability Of limiting me condudion of ^^TJl^M 
Bmitini me condudion of heat 01 me medianism 30-2 ma ts provided in me portion R2 in me diredK^ 

right angles wim the light-emitting means 13. « ^ r- ««*.rii«« hrt«««» 

Nerf. according to me present imwntion. me medianism 30 Ibr Sm«ng thehert 
the heat comJudion means 11 and me holding means 12 is predominantly provided in at teMt *• po^on 
Rl whid. is positioned between me heat condudion means 11 and hoWmO "^""Vf "J * 
me fight^mitting means 13. Depending upon me case, me medumism 30 for Umrting me heat condudion 
may not be provided in me portion R2 in a direction drigm angles wim the Bght-emimngit^ 

The light-guide means 14 used in the present imwntion is a plate^ike member made of a matenal 
having a smaU heat conductMty such as an acrylte synthetic resin. ^ . ^ . 

iJloreover. it is desired that me light-emitting means 13 used in me prwsnt imwHion is. lor example, a 

""°IfSS1i!!««. me heat condudion means 1 1 used in me presem invention is plate-like member made of 
a material having a high heat condudWty sud) as iron, copper, alumimim or me like. 

It is desired that me reflection means 22 that covers the light-emitting means 13 used m the display 
device of the present invention is a reflection sheet ^ . ^ ^ . 

Though mere is no partailaf limitation, me heat condudion means 11 used in me presentmvemion 
Should h»« a si» wWd. is etvial to me area of me planar display means 19 or is smallsf man me area d 

the planar display means, or may have a large siie as wBI be described later. 

n is dea-red mat the medianism 30 mat limits me condudten d heat between the heat condudion 
means 1 1 and the hdding means 12 is me one seleded from a gap. a sUt 40. a hde. a window 41 or the 
like provided between the hed conduction means 11 and the hoWing means 12^ ^^^^^^ 
?I«t is. me med«nlsm 30 mat limits me condudion of heat in me pre«m .m«»Tbon k"^^"*^ 
by which me heat energy is conduded to me heat condudion means ll '^'^"^^t?.^ ^ 
The larger me number d gaps, silts, hdes. windows 40 or me like, ma greater me degree for limiting me 

wSly, m^S^Ini' desired as shown in Rg. 1(A) mat me heat condudion means 11 is completely 
separated from me hdding means 12. and a gap or a slit 42 is continuously formed to surreund me 
periphery d me heat conduction means 1 1. 
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Fig. 1(B) is a sectional view illustrating the constitution of the emt)odiment. wherein the heat conduction 
means 11 is constituted separately from the holding means 12. and is directly connectea to the opoosino 
surface of the Bght^uide means 14 or to the light-guide reflection sheet 21 using a junction means such as 
an adhesive tape or the like. iwrosucnas 

5 With this constitution only, however, a predetermined amount of heat energy is not conducted to the 
heat conduction means 11 from the light-emitting means 13. As shown in Rg. 1{A) and Ro KB) therefore 
heat corwiuction assist means 31 is provided it suitable positions of the gap 42 to connect me holdincj 
means 12 and the heat conduction means 11 together. • ^ 

It is desired that the heat conduction assist means 31 is provided in a number of at least one in the gap 
10 42 which is the mechanism 30-2 for limiting the conduction of heat provided in at least the portion R2 iVi a 
direction at right angles with the Oght-emitting means 13. « 

The heat conduction assist means 31 has a function of connecting and holding the holding means 12 
and the heat conduction means 1 1 in a fixed manner. 

There is no particulaf limitation in the number of the heat conduction assist means 31 The heat 
IS conduction assist means 31 may be provided in a number of one or more as required. 

In order to firmly hold the heat conduction means 11, furthermore, the heat conduction assist means 3V 
may further be provided even in the gap 42 which is the mechanism 30-1 for limiting the conduction of heat 
provided in at least the portion R1 in a direction in parallel with the light-emitting means 13. 

In this case, it is desired that the number of the heat conduction assist means 3r provided in the gap 
20 42 In the portion R1 in the direction in parallel with the Hght-emitting means 13 is smaller than the number 
of the heat conduction assist means 31 provided in the gap 42 in the portion R2 in the direction at rioht 
angles with the light-emitting means 13. 

When it becomes necessary to provide the heat conduction assist means 31 in the same number in 
both of these portions, it Is desirable that the heat conduction assist means 31* provided in ttie gap in the 
as portion R1 m the direction in parallel with the light-emitting means 13 has a width which is smaller than the 
width of the heat conduction assist means 30 provided in the gap 42 in the portion R2 in the direction at 
right angles with the light-emitting means 13. 

As described above, the mechanism 30 that limits the conduction of heat of the present invention is 
constituted by gaps. sUts 40. independently formed holes, windows 41 or tiie like. The sizes, lengths and 
JO distances among them can be arbiti^ly changed to set ttie conditions that perfecOy satisfy the function of 
the mechanisms for fimiting the conduction of heat by ttie same method as ttie one described above It is 
further allowable to fomn the gaps, slits 40. holes and windows 41 in a mixed manner. 

According to the present Invention, ttte holding means 12 and ttie heat conduction means 1 1 may be 
constituted by different members or by the same member. 
3S In the present invention, when the holding means 12 and ttie heat conduction means 1 1 are constituted 
by the same member. ti>ey can be formed as a unitary structure from the same material by the punching 
method. In this case, the gaps, slits 40. holes or windows 41 are arranged in a suitable number at the 
predetermined portions between the hokjing means and the heat conduction means 1 1 . In the case of the 
gaps or slits 40. the heat conduction assist means 31 are fomned at the same time. Therefore, the aaos or 
40 slits are formed discretely. 

Therefore, the width of ttw gaps or slits, or tiie distance between the windows or holes, can be 
designed under naarty the same conditions as those of ttie width and distance of ttie heat conduction assist 


so 


ss 


According to ttie present invention, it is desired ttiat a reflection paint 6 is applied or printed onto the 
surface 7 of ttie heat conduction means 1 1 opposed to ttie light-guide means 14. 

Emptoyment of ttie above^entioned constitution makes it possible to omit the fight-guide plate 
reflection sheet 21 ttiat has heretofore been spread on ttie surface 9 of ttte light-guide means 14 opposed to 
ttie heat conduction means 1 1. as well as to intimately adhere ttie heat conduction means 11 onto ttie Kaht- 
guide means 14. 

In ttie planar display device acconling to ttie present invention, heat Is generated when ttie fluorescent 
tube 13 IS turned on. and ttie temperature rises at ttie ends of ttie light-guide plate 14 due to ttie heat 
radiated from ttie heat conduction plate ir via ttie light-guide plate 14 and ttie holding member 12 on the 
k>wer surface side. The Bght-guide plate 14 and ttie Ught-guide plate reflection sheet 21 are botti made of a 
resin and have low heat conductivity. Therefore, ttie temperature difference becomes great between ttie 
ends of ttie Dght-guide plate 14 and ttie central portion of ttie lighi^de plate 14. However, ttie heat 
conduction plate ir having a large heat conductivity ttiat is k)cated chwe ttiereto makes it possible to 
decrease ttte temperature between ttie ends and ttie centtar portion of ttie Hght-gukle plate 14. Moreover 
ttie heat of ttie fluorescent tube 13 conducted to ttie hokfing member 12 of the lower surface skte is further 
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conducted to the tieat conduction pJate IV via the air layer of low heat conductivity in the gap 30. 
Therefore, the heat is not conducted in such an amount that it raises the temperature of the heat conduction 
plate 11'. 

In Table i are listed heat conductivities of the materials that can be used as the heatxonduction means 
5 1 1 In Figs. 1(A) and KB), the effect is obtained to a sufficienl degree even when the heat conduction plate 
1 V is made of iron which has a heat conductivity of 62.5. However, a greater effect is obtained when use is 
made of aluminum or copper having a larger heat conductivity. When the heat conduction plate IV is made 
of aluminum, furthermore, the thickness of the heat conduction plate ir can be decreased to one-third to 
obtain the same capacity of heat conduction as that of iron. Moreover, since aluminum has a specific 
10 gravity which Is about one-third that of iron, the weight can be decreased Into about one-ninth. 

Tablet 


19 


20 


Vinyl chloride: 

about 0.2 

Acrylic resin: 

about 0.2 

Iron: 

62.5 

Alumirujm: 

196 

Copper 

332 

{Kcal/m»hr» •C) 


30 


SO 
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m the aforementioned embodimem shown in Rgs. 1(A) and 1(B). the temperature is nearly unHormly 
distributed in the display means 19 and the temperature rises little. 

AS indicated by a broken line in Rg i(A). therefore, provision is made of heat conduction assist means 
31 to feed the heat from the holding member 12 of the lower suHace side to nearly the central portion of 

the taat conduction plats 11'. 

nien Bw hoal of the fluowscont tube 13 conducted to the holding member 12 o« the tower surface side 
is fcirther'conducled to the heal conduction plate 1 1 via the heat conduction assist means 31 to raise the 
tempenrture at the central portion of the Oght^uide plate 14. Therelore. the central portion of the light-flu|de 
plate 14 where the temperature is lower than that of both ends of the Kght-fluide plate 14 that wceWe the 
heat emitted frem the fluorescent tubes 13. is now healed by the heat conducted lo Ihe heat conduction 
plate 11- via the heat conduction assist means 31, enabBng the temperature to be further uniformly 
distributed in the light-guide plate 14. 

The amount d heat conducted to the heat conduction plate 1 V via the heat conduction assist means 31 
can be controlled by changing the width, length, position or number of the heat conduction assist means 31. 
By suitably selecting them, therefore, the temperature distribution can be optimteed in the Bght-flulde plate 

'* In Rgs 1(A) and 1(8). furthermore, the heat conduction pWe if has a siie which is slightly greater 
than the display area (0) of the display device. The temperature distribution in the light-guide P|«»J* 
changes depending upon the size of the heat conduction plate 11'. too. Therelbre. the slw ol Ihe heat 
conduction plate ir may be decreased to be smaller than the display area (0) ol the Oi^av 
depending upon the amount of heat generated by the fluorescent tubes 13. size of the light-guide plate 14. 
etc* 

In this case, the heat conduction assist meant 31 can be a portion o( the holding member 12 of the 
lower surface side or of Ihe heat conduction plate IV, and mutual mechanical and thermal connections can 
be maintained then*etween by imparfng a suitable resiliency "^-O?*^ ^'^J^^^ 
contact between the heat conduction plate i V and the light-guide plate refieciion sheet 21 may be obtained 
by relying upon the above-mentioned resiliency and omitting the adhesive tape 23 that is interposed 
between the heal conduction plate 11' and the light-guide plate reflection sheet 21. 

Fia 7 is a back view of the display device l according to another embodiment of the present invention. 
In Rfl V the heat conduction plate if and »» holding member 12 of Ihe tower surface side that holds the 
llaht-guide plate 14 and the fluorescent tubes 13. are also made of a material having a targe heat 
conductivity, and a gap 30 is fonned except at two ptaoes at an equal distance from tt» two HuorMcent 
tubes 13 where the heat conduction plate if and the holding member 12 of the tower surface side are 
connected through connection portions 27. 

In this embodiment, ttte heat conduction assist means 31 of Rg. 1(A) also functions as a connection 
poition. The action of Ihe connwrtten portion 27 is the same as that of the heat conduction assist means 31 
of 1(A) and is not described here. Here, however, the connection portion may have resiliency so that 
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T^SZ^'l^ ll'r^* ""^ ^ P'«««' ^»"ection sheet 2,. 

As descnbed above, the heat conducted to the heat conduction plate l V via the connection ocuL st 
can be con^»-<»*y changing the width, tengm. position or number of the aZ^T^^^H 
suitably selecting them, the temperature distribution can be optimized in the rnht-gi«WS«e 14 
5 In the embodiment of Rg. 7. the heat conduction plate and the holding member 12 of the lower 
surface s.de are made of the same material, and can be molded as a untooTstruct.^ u L 0!^ ^ 
mold, making rt possible to decrease the initiat cost required lor the metal mS to decreti Z Z^, 
er Jr^" P^t. are mo^ed as . umtar^ stmcture. ,» ,«.«a.e the assemT^o^rn 

10. That is as Shorn, in Rg. 8, a protuberance 50 having resiliency is provided at a suitable position on the 
mnsf penpheral port«n of the holding means 12 of the display device 1 in order to impart a bSJ fc^ 
ram^.**" "to P«« the heat conduction means 11 toward the light^uide meaTS « 

The protuberance 50 also functions as the heat conduction assist means 31. and its position and its 
IS arrangement Should be restricted by the limitation related to the heat conduction assist means orTo the 
distvice between the windows or holes or to the width between the gaps or slits, as a matter of course 
■ J' I «««P'«>' <^ according to a further embodiment of the present 

invenbon. A reflection paint is applied or printed onto the surface of the heat conduction plate 11' havino a 
large heat conductivity which is then provided on the back surface of the light-guide plate 14 to omiiTa 
* ^IV^ .K*! ""^^ ""o^^^rt '«fl««ion sheet 22 is ^cured using the 

^ 23to the ligm^e plate 14 and to the heat conductton plate If by wrapping the fluorwcent mbe 13 
Smce the refiectton layer is provided 00 the whole back surface of the B^de JSH tTtaJi 
utilization effioency .s enhanced. Here, the fluorescent tube refleclian sheet 22 h« a snwil heat nnducti^ 
ity as described earlier, and the temperature of the heat conduction plate ir rises Ottte 
" ^^^a^ Plat. 11 can be fastened to the light-guide plate i4 by the methods described for 

I^v ta^h^l "^zi!:!''^* ^ '"'""^ ^ ^-""^"^"^ 3T 

may be utilized or the resiBency of the connection portion 27 may be utilized 

T1»e Ught-guide plate 14 and the hoMing member 12 of the tower surface side holding the two 
fluorescent tubM 13. are so shaped as to maintain a gap 30 relative to the heat conduction plai lV 
00 temperature difference can be decreased between the ends and the central portton of the UghSide pteS 
14 «nce the heat conduction plate if having a l^ge heat conductivity la locat«« dose ttSITaf In S 
afimHTiemioned embodiments. Owing to the presence of the gap 30. funhemwre. the temperature of the 

afbremenboned embodiments is not used in this embodiment It is possible to decrease the coat of the 
n matanal, the number of the asiwnbfing steps and the cost -""-emo cosi of the 

«"»«»«««ltution of the display device accoidlnfl to a 
still further embodiment of the present Invention. ~» -wnraing 10 a 

That is, Rg. 10 shows the display device in which the holding means 12 and the heat conduction 
means 11 are superposed one upon the other at the peripheral portions thereof, and ^ 
w assist meens 31 exists as a spacer 60 at a predetennined portion m the superposed portion to torn aoao 
or sIH 70 between the hokJing means 12 and the heat conduction means 11 ^ 

I2i n Th'LSrll!!^'!^^ *^ « rism angles with the light-emitSS 

^l^^^nZ^,^^"'^'- " '"^^ ""'B- «• P*allel with the 

iight-sn«tting means 13. Here, it is desned that the number of the above heat conduction assist means 31 is 
smalter than the number of the heat conduction assist means 31 that are provided in the gap or slit 70 
tornied in the portion H2 as indicated In Rg. 6. in the direetton at right angles with Ihe Ught^mining means 

r. ^H'^T^ '1 '^'^ »»« conduction assist means 31 or the spacer provided in the gap or 

sM 70 fomied in the portion Rl in the direction at right angtos with the light-emitting means 13. haa a\I*Jth 
whichisn^^ 

70 formed in Bw portion R2 in the direction at light angles with the light-emitting means 13 

m the above description of the embodiments of the present invention, the display means 19 was 
i«umed to be a liquW-crystal display element The display means 19. however, may be the one other than 
the hquKl-crystal display element provided the display device employs the illuminaiian device and the Hghf. 

S2LSf «.]Il^'*^T'!^^^ ^''P*^ » in which the 1^ 

conduction plats Is held by the holding portion of the lower surface side via the insulating material or by 
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©mploying a means which secures the heat conduction plate from the back surface thereof using a one- 
sided adhesive tape. 

in the at)ove description, the Huorescent lamps 13 are located on both sides of the display means 19. 
Accordingly, the heat conduction assist means 3i of Rg. 1(A) and the connection portions 27 of Fig. 7 are 

s located nearly at intermediate positions of tM two fluorescent lobes. In other display devices, however, the 
fluorescent tube 13 may be provided on one side only of the display means 19. In such a case, the heat 
conduction assist means 31 or the connection portion 27 will be located at a position most remote from the 
fluorescent tube 13 as a matter of course. 

According to the present invention as described above, a heat conduction plate 11 having a large heat 

10 conductivity is provided on the back surface of the lighi^uide plate 14. and a gap Is provided between the 
heat conduction plate 11 and the holding member 12 that hoWs the fluorescent tube 1 3 or the light-guide 
plate 14, Therefore, the temperature rise is suppressed in the light-guide plate and the temperature variance 
is decreased on the surface of the light-guide plate. Even when a display element susceptible to the 
temperature is used, therefore, the quality of the display device does not fall. 
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Claims 


1. A display device comprising a planar display means constituted by Hquid-crystai display elements, a 
lighi-guWe mearis opposed to said display means, a light^itling means provWed at least at an end 

20 portion of said light-guide means, a reflection means covering said light-emitting means, and a hoWing 
means that hoWs said means as a unitary structure, wherein provision is made of a heat conduction 
means constituted by a member having a large heat conductivity opposed to the surface of said light- 
guide means of the side opposite to the surface which is opposed to said planar display means, and a 
mechanism behveen said heat conduction means and said hoWing means, said mechanism limtting the 

2$ conduction of heat between said heat conduction means and said holding means. 

Z A display device according to claim 1. wherein said light-guide means is a plate-like member made of a 
material having a small heat conductivity. 

30 3. A display device according to claim 1 . wherein said light-emitting means is a fluorescent tube. 

4. A display device according to daim 1. wherein said heat conduction means is a plate-like member 
made of a material having a large heat conductivity. 

« 5. A display device according to claim 1. wherein said heal conduction means has an area which is the 
same as the area of said plana^ display means or is nearty the same as the area of said planar display 
means. 

6. A display device according to claim 1 , wherein said reflection means is a reflection sheet 

* 7 A display device according to claim 1. wherein the mechanism that limits the conduction of heal 
between said heal conduction means and said holding means Is provided in a portion between said 
heal conduction means and said holding means and Is at least close to saM fight-emitting means. 

45 a A display device according to claim 7. wherein when the mechanisms lhal limit the conduction of heat 
t)etween sakj heat conduction means and said hokfing means are provided in a portion dose to said 
fight^emltting means and in a direction in parallel with said light-emitting means and in a portfon In a 
direction 81 right angles with saM light-emitting means between said heat conduction means and said 
hokfing means, ttie mechanism provided in ttie portion ck>5e to said light-emitling means and m the 
direction in parallel with saM light-emitting means has the abifity of Kmiting the conduction of heat 
which is greater than the ability of limiting the conduction of heal of ttie mechanism tiial is pfOvWed m 
the portion In ttie drection at right angles with said Kght-emitting means. 

9. A display device according to any one of claims 1. 7 and 8, wherein the mechanism that limits tiw 
conduction of heat between said heat conduction means and said holding means is tiw one selected 
from a gap. a slit, a hole and a window provided behveen said heal co^ 

moans. 
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10- A display device according to claim 9, wherein said holding means and said heat conduction means are 
made of diHerent materials, and a continuous circular gap is formed between said holding means and 
said heat conduction means. 

11. A display device according to claim 10. wherein a heat conduction assist means is provided in a portion 
of said continuous circular gap to connect said holding means and said heat conduction means 
together. 

12. A display device according to claim 11. wherein said heat conduction assist means is provided in at 
least one place in said gap that is formed in at least the portion in the direction at right angles with said 
light*emitting nneans. 

ia A display device according to claim 12, wherein said heat conduction assist means is provided in at 
least one place in said gap formed in the portion in the direction in parallel with said light-emitting 
15 means, and the- number of said heat conduction assist-means is smaller than the number of the heat 
conduction assist means ttiat are provided in the gap farmed in ttie portion in the direction at right 
angles with said light-6mitting means. 

14* A . display device according to claim 12, wherein said heat conduction assist means is provided in at 
20. least one place in said gap formed in the portion in ttie direction in parallel with said light-emitting 
means, and the widtti of said heat conduction assist means is narrower tiian the width of the heat 
conduction means provided in the gap formed in ttie portion in ttie direction at right angles with sM 
light-emitting means. 

25 15. A display device according to claim 9. wherein said holding means and said heat conduction means are 
made of ttie same material, and a discrete gap is fbnned between said holding means and said heat 
conduction means via heat cor^fuction assist means fbrmed at predetermined portions. 

16. A display device according to claim 15. wfherein said heat conduction assist means is provided in at 
30 least one place in said gap formed in at least the portion in the direction at right angles with said light- 
emitting means. 

17. A display device according to claim 16. wherein said heat conduction assist means is provided in at 
least one place in ttie gap formed in ttie portion in the direction in parallel witti the Bght-emftting means. 

35 and tiie number of said heat conduction assist means is smaller than ttie number of ttie heat 
conduction assist means provided in the gap (brmed in ttie portion in the direction at riaht angles with 
tt\B light-emitting means. 

ia A display device according to claim 16. wherein said heat conduction assist means is provided in at 
40 least one place in said gap formed in the portion in the direction in parallel with said light-emitting 
means, and tiie widtti of said heat conduction assist means is narrower than ttie width of ttie heat 
conduction means provided in ttie gap fbrmed in ttie portion In ttie direction at right angles witti said 
light-emittino means. 

^ ^^^l^T^ according to daim 9. wherein said hoWing means and said heat conduction means are 
superposed one upon ttie ottier at tfie peripheral portions ttiereof . and ttie heat conduction assist means 
exist as spacers at predetennlned portions in tfie superposed portion to fbmi a gap or slit between said 
holding means and said heat conduction means. 

50 20. A display device according to claim 19. wherein said heat conduction assist means is provided in at 
least one place in said gap or slit ttiat is fbrmed in at least ttie portion in ttie direction at right angles 
witti said light-emitting means. 

21. A display device accoiding to claim 19. wherein said heat conduction assist means Is provided in at 
55 least one place in said gap or slit fbmned in tiie portion in ttie direction in parallel witti said light- 
emitting means, and ttie number of said heat conduction assist means is smaller ttian ttie number of 
ttie heat conduction assist means ttiat are provided in ttie gap or slit formed in ttie portion in ttie 
direction at right angles wHh said light-emlttSng means. 
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22. A display devicSB according to claim 19, wherein said heat conduction assist means is provided in a! 
least one place in said gap or stit formed in the portion in the direction in parailei with said light* 
emitting means, and the width of said heat conduction assist means is narrower than the width of the 
heat conduction means provided in the gap or slit formed in the portion in the direction at right angles 
with said light-emitting means. 

2X A display device according to claim 1 1 or 16. wherein said heat conduction assist means has resiliency 
and imparts a biasing force to said heat conduction means to urge H toward said light-guide means at 
all times. 

24. A display device according to claim i. wherein a reflection means is applied onto the surface of said 
heat conduction means opposed to said light-guide means. 

25. A display device according to claim 24. wherein said heat conduction means . is directly and intimately 
adhered to said light-guide n>eans. 
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